Background: Imposing taxes on tobacco has been identified as one of the most effective methods of reducing tobacco use. Vietnam's tax structure, which sets different rates based on type of cigarette, has implications for the level of cigarette prices, economic burden of smoking, effect on tobacco use, and effect on tax revenues.
Background
Tobacco use increases the risk of many fatal diseases such as cancer, emphysema, heart disease and other circulatory diseases [1] . If trends in tobacco use continue, approximately 500 million people alive today will die from smoking, and, by 2030, tobacco is expected to be the leading cause of premature death, accounting for about 10 million deaths per year. [2] While smoking prevalence has been decreasing in many of the more developed nations, rates have been high and increasing in many of the poorer nations. For example, smoking rates among Vietnamese males 15 year of age and older was 50% in 1997-98, Tobacco tax increase is among the measures suggested in the 2000 Resolution to achieve its goal of lower smoking prevalence. Other components of the tobacco control program include total ban on cigarette advertising, ban on distributing free cigarette samples, ban on vending machines selling cigarettes, and ban on smoking in all public places. Research evidence shows that imposing taxes on tobacco, as part of a comprehensive tobacco control program, is among the most effective methods of reducing tobacco use. [6, 7] Higher taxes create incentives for some regular smokers to quit smoking, help prevent the young from initiating smoking, and reduces consumption among continuing smokers.
The majority of evidence on the price responsiveness of tobacco demand is for high-income countries were data and the research capacity exists. Estimates of the priceelasticity for overall cigarette demand fall in a relatively wide range due to model specification, data issues and estimating methodology, [8, 9] but the majority center in the relatively narrow range from -0.25 [10] to -0.5. [11, 12] Evidence does indicate that low income groups in the high income countries are more sensitive to cigarette prices compared to higher income groups. [13] Recent studies have begun to focus on tobacco consumption in low-income countries, including South East Asia. For Indonesia, Djutaharta et al. (2002) [14] used timeseries data to estimate cigarette price elasticities in Indonesia ranging from -0.32 to -0.57, Adioetomo et al. (2001) [15] used household level survey data to obtain a conditional (i.e., on quantity smoked per smoker) price elasticity of -0.6, but the impact of price on smoking participation (i.e., the decision to smoke) was not significant. For Sri Lanka, Arunatilake (2002) [16] used household level data and estimated that the price elasticity was -0.53 for the whole sample and between -0.68 and -0.29 for the poorest two quintiles, Arunatilake and Opatha (2003) [17] used aggregate monthly data and estimated price elasticities ranging from -0.227 to -0.908. A price elasticity of tobacco demand in Thailand of -0.67 was estimated by Supakorn (1993) [18] using aggregate tobacco consumption. Isra et al. (2003) [19] used a linear expenditure system and household level data, and found the price elasticity of the demand for tobacco products of -0.39. They also found that poorer smokers were more responsive to tobacco prices than their richer counterparts. Karki et al. (2003) [20] estimated a conditional price elasticity of cigarette demand of -0.42 and a total price elasticity of -0.88 in Nepal using household data. For Myanmar, Nyo Nyo et al. (2003) [21] obtained a total price elasticity of -1.62 using household data. A WHO study [22] using time series data obtained an overall price elasticity in Vietnam of -0.53 for cigarettes, but did not take into account a possible substitution into other tobacco products. Also for Vietnam, Laxminarayan and Deolalikar (2004) , [23] controlling for use of other tobacco products, obtained a price elasticity of smoking initiation of -1.18, but did not find a significant impact of cigarette price on quitting. Guindon, et al. (2003) [24] estimated the demand for cigarettes in South-East Asia using panel data. They obtained short-run price elasticity estimates ranging from -0.17 to -0.78, with most estimates clustering at around -0.74, and long-run elasticities ranging from -0.4 to -1.21. Few studies suggest a limited impact of price on smoking behavior, but a study of cigarette demand in China and Russia [25] obtained elasticities ranging from 0 to -0.15 using microlevel data. Although variations exist in the elasticity estimates and in the quality of the studies, the evidence strongly confirms a negative relationship between smoking and cigarette prices.
Public policy makers can use tobacco taxes to manipulate cigarette price. Tobacco tax rates vary from country to country. In high-income countries, the tax component often accounts for at least two-thirds of the retail price of a pack of cigarettes. In low-income countries, on the other hand, it generally accounts for less than half of the retail price. [26] In the countries attempting to reduce tobacco consumption, the tax component is typically between two-thirds and three-fourths of the retail price of a pack of cigarettes. [6] Vietnam has relatively low cigarette taxes leading to low cigarette prices. [27] (see Figure 1 ). Cigarette prices relative to income are higher than many other countries, but the price-income relationship has fallen quite dramatically in Vietnam between 1990 and 2001. [28] The effect of tobacco taxes may depend not only on the size, but also on the form of the tax. Specific tobacco taxes are added as a fixed amount to the price of cigarettes, while ad valorem taxes, such as value-added taxes or sales taxes, are a percentage of the base price. Ad valorem taxes T h a i l P h i l i p N e w Z e S w e d A l b a N e t h e r l S p a i P a k i s I t a l may be imposed at the point of sale or, as in China, Vietnam and many African countries, on the wholesale price so that the retail price already includes the tax. [29] Taxes may also vary according to the origin of the manufacturer or the type of product. For example, some governments impose higher taxes on cigarettes produced abroad than on domestically produced ones, or by type of cigarette such as non-filtered or filtered cigarettes. Among the 114 countries with available information in the Tobacco Control Country Profiles (WHO, 2000), [30] 95 levy a uniform tax on tobacco, while 19 levy different tobacco tax rates based on types of products and sources of materials, 10 of which were part of the former Soviet Union and or the Soviet bloc. Vietnam is also one of the countries imposing differential ad valorem tax rates.
Prior to 1999, Vietnam imposed a tax rate of 70% on filtered cigarettes produced mainly from imported materials, of 52% on filtered cigarettes produced mainly from domestic materials, and a tariff rate of 70% on imported cigars. Since 1999, Vietnam has imposed separate tax rates on three types of cigarettes: a tax of 65% is imposed on filtered cigarettes made from imported materials; a tax of 45% is imposed on filtered cigarettes made from domestic materials; and a tax of 25% is imposed on non-filtered cigarettes made from domestic materials. [31] Non-filtered cigarettes produced from domestic materials, besides having low production costs, are taxed least, and are thus sold at even lower prices relative to filtered cigarettes. Thus, the current three-tiered tax structure exacerbates price differences, with the price of many domestically produced cigarettes around US$0.07 per pack compared to a price of foreign brand cigarettes such as 555 and Marlboro that can reach up to US$1 [32] .
Although higher cigarette taxes can reduce smoking and the associated health problems, they have implications for the spending pattern among smokers and for tax revenue. Since low price cigarettes are more likely to be consumed by those with low incomes, the low price of unfiltered cigarettes potentially creates more incentive for those with low income (including youth) to smoke, those that can least afford it. Raising taxes on low priced cigarettes will raise price, which could increase that burden. However, if the low-price smokers are sufficiently responsive to price, they may actually reduce consumption through quitting or cutting back on quantity smoked, and have a lower financial burden. In that case, government revenue from cigarette taxes could actually fall.
This paper considers how smoking rates among different income classes is affected by the current three-tiered tax structure, and the potential effect on burdens of the poor, and then considers the effect of raising taxes on low priced cigarettes. Specifically, this paper examines how the multilevel tobacco tax policy affects low-price cigarette smokers, estimates the price elasticity of demand for cigarettes by income groups, and finally analyzes the effect of imposing a single uniform tax at the level of 65% on consumption and government revenue.
Methods

Description of the data
Due to the lack of a sufficiently detailed time series data, cross sectional data is employed to examine smoking behavior among various income groups and the financial burden that it imposes, and to estimate smoking elasticities of those that consume primarily the low price cigarettes. We use the second Vietnam Living Standard Survey (VLSS) which was conducted by the General Statistical Office from December 1997 to December 1998 with a sample size of 6000 households with 28,518 individuals. Quality control was implemented in several stages, from questionnaire design, data entry, random unexpected field visits, and consistency checks after the survey was completed.
The sample was selected using a three staged random stratified cluster sampling. Using sampling weights, the data yield unbiased population estimates at the national level and are disaggregated by urban and rural residence and the seven major regions. Adjustments for clustering and stratification were made to yield more accurate standard errors for hypothesis testing using the STATA statistical software.
The VLSS dataset contains variables on a wide range of socio-economic factors including education, employment, income, family structure, location, and living standards. The questionnaire has a separate section on smoking for people age 6 and older. Individual are first asked if they had ever smoked cigarettes for a period of 6 months or more. Those who responded in the affirmative were asked whether they currently smoke, how many cigarettes they smoke each day, and the amount of money spent on cigarettes over the past 12 months. A cigarette smoker is person who is at least 15 year or age, currently smokes cigarettes and has smoked at least for six months. It is assumed that all current smokers are daily smokers. The survey also asked about expenditures on pipe smoking. The answer to this question was used to identify a pipe smoker. There are respondents that smoke both cigarettes and pipe tobacco.
Besides the household questionnaire, a separate questionnaire collects information related to characteristics at the level of the commune, the lowest administrative unit in Vietnam with an average population of 7000. Three representative retail outlet owners/workers (who are familiar with commune prices) were interviewed about prices of goods and services in the commune. Information on two types of cigarettes (a high priced filtered cigarette known as 555 and a lower price filtered cigarette known as VINA-TABA) was obtained, yielding 6 price data points from each commune. This information was used to calculate an average commune price.
Analysis of the users of low price cigarettes
We first consider the percentage of smokers that smoke the different types of cigarettes. Because information is unavailable to specifically distinguish between types, we classify smokers by price of cigarettes. The average prices paid for each of the types is estimated using expenditure data from the VLSS. Average prices paid per pack were calculated by dividing tobacco expenditures by the number of cigarettes smoked and multiplying by 20.
In Vietnam, cigarette retail prices vary substantially across types and also vary within type. Based on our investigation of prices in the Hanoi market in June 2003, non-filtered cigarette prices are usually between 1000 and 2000 VND 1 per pack (between $0.07 and $0.13 at an exchange rate of 15,000 VND per $1 USD in 2003). Prices of 555 or smuggled Marlboros are among the highest and range between 12,000 and 15,000 VND per pack (between $0.80 and $1.00). A low price is defined as less than or equal to 1/3 of the highest cigarette retail price, based on actual prices and expenditure patterns observed from the data. Since the highest retail price in 1998 was 15,000 VND, the low price is considered 5,000 VND ($0.33) and below.
We compare demographic differences between consumers of high price and low price cigarettes. We categorized by region, by urban and rural status, by occupational type, by educational level (illiterate or only primary education, lower secondary education, and above), and by income. The territory of Vietnam is divided to 7 regions. These regions include both urban and rural areas. Region 1 is the Northern Mountain and Highlands; region 2 is the Red River Delta; region 3 is the North Central Coast; region 4 is the South Central Coast; region 5 is the Central Highlands; region 6 is the Southeast, and region 7 is the Mekong Delta. These 7 regions were used in the regression analysis while controlling for urban status of an individual. In addition to this geographical division, another government classification divides the country into 10 regions. Figure 2 is based on this classification. These 10 regions include the seven regions from the first classification, but cover only the rural population if these 7 regions. The additional 3 regions represent small, medium and large cities. In Figure 2 region 1 represents big cities, region 2 represents middle size towns, region 3 includes small towns in Vietnam, and regions 4-10 represent rural areas in 7 regions used in the regression analysis.
The per capita income is calculated by dividing the total annual household income by the household size. Each individual is assigned to one of five quintiles according to his/her income.
Finally, using expenditures data from the 1998 VLSS, we compared expenditures on tobacco to other items such as education, health care, food, and with the total expenditure of households. We distinguish these comparisons by region, urban-rural and by income. The relative proportion of tobacco spending is important, since if the proportion is high, raising tobacco taxes will have more influence on the household budget. [33] Price elasticity estimates To estimate demand elasticities using cross-sectional data, [34] we employ a method that distinguished the decision to smoke from the quantity smoked. The first equation explains smoking status (indicated by a dummy variable) using the sample of all individuals, and corresponds to a smoking participation equation; the second equation is confined to smokers and uses the logarithm of the number of cigarettes smoked per smoker as the dependent variable, and corresponds to the quantity smoked per smoker or conditional demand equation. The smoking status model is estimated using the linear probability model (LPM) defined as:
Distribution of Smokers by Price of Cigarettes
In which: The equation design is used to estimate the probability of an individual's smoking status and quantity smoked as a function of cigarettes price while controlling for other variables. The price coefficient indicates the probability of smoking due to variations in cigarette prices. We use communal prices in the models. Since communal prices are provided for 555 and VINATABA brands, we estimated the models with the average price of these two brands, as well as using the prices of just VINATABA or 555. Out of a total of 187 communes, 50 are missing information on the price of VINATABA or 555 and are dropped when using average price. The price variables are converted into logarithmic terms.
The second independent variable is expenditures on pipe tobacco, as a proxy for its price. Pipe tobacco is used by 30.8% of smokers (National Health Survey 2002) and is a potential substitute for cigarettes. As the price of cigarettes increase, smokers may switch to the cheaper pipe tobacco. Since neither the commune nor the household survey collected the price of pipe tobacco or the amount of pipe tobacco consumed, we use information on household spending on pipe tobacco in place of the price of pipe tobacco. Due to potential endogeneity problems (when cigarette prices are high and smoking is reduced, pipe smoking can be expected to increase), we consider equations with and without the pipe variable.
Explanatory variables also include per capita income, characteristics of the individual such as sex, age, education, work experience, occupation; characteristics of the household such as household size and the sex, age, education, main occupation of household head; and commune and geographic characteristics 2 . The commune and geographic variables include urban status, region, and the ability to access employment, markets, transportation. Employment opportunities are captured by the existence of factories or traditional occupations in the commune, access to information is represented by the existence of a loudspeaker system, and access to markets is captured by the presence of regular markets. We used the logarithm of income. Because some rural households have negative incomes (greater investments into production than sales of final goods), we increased all household incomes by 200 thousand VND to make them all positive 3 . Additional File 1 summarizes the variables used in the models.
The conditional quantity model with only smokers is a double-log model [35] with logarithm of number of cigarettes smoked by a smoker as the dependent variable, or:
Where ln = logarithm of quantity of cigarette being consumed by smoker
Other variables are the same as in model (1) To determine how price responses vary by income, we estimate separate equations by income group. Because income tends to be an unstable measure of overall average living standards of a household, we distinguish by quintiles to examine the low price and high price demand groups. To measure price elasticities of the overall population, the low income group, and the high income group, The equations were adjusted for clustering using the STATA software package.
Consumption and tax revenue estimation procedure
Using the information on price elasticities, we estimate the change in consumption and government tax revenue, assuming a uniform tax level of 65%. Because the highest tax rate currently imposed is 65% for filtered cigarette brands produced using imported materials, the price of this category is left unchanged and we only estimate the changes in consumption and tax revenues of unfiltered cigarette and filtered domestic material cigarette categories only. We begin with prices and quantities from the Ministry of Industry and Ministry of Finance. [36] Currently, taxes are imposed on the wholesale price -the price set by producers. Ignoring any mark-up at the retail level (for simplicity), the price paid by consumer is:
for tax rate t 0 (3) for tax rate t 1
where:
t 0 = original tax rate (25% or 45%) t 1 = increasing the current tax rate to a uniform tax rate (65%) = whole sale price by tobacco company while imposing tax rate t 0 = whole sale price by tobacco company while imposing tax rate t 1 = retail price paid by consumer with tax rate t 0 = retail price paid by consumer with tax rate t 1
After imposing a higher tax, the total quantity consumed falls, which induces a fall in production. A reduction in output may raise the cost of production which may induce a further increase in the wholesale price (e.g., if there are significant economies of scale in the production of cigarettes), so that > . However, we assume that ≈ , because the Vietnamese government already limits the output of cigarette production, [37] so that production may not initially decline with a reduction in consumption. In addition, the reduction in consumption will have little effect on open trade because Vietnam is a price taker in the international tobacco market and can export with a stable price on international markets. We also assume no change in mark-ups at the retail level.
For a percentage point change in tax rate of (Δ t ) = t 1 -t 0 and with ≈ , the percent change in the price as:
As price increases, consumption decreases by an amount that depends on the change in the price and the price elasticity of demand. To estimate the reduction in the quantity consumed (Q), we use the price elasticity of demand, , is: In our model, the estimate of the overall price elasticity is the sum of the estimates of participation and conditional elasticities:
where is overall elasticity; is participation elasticity; and is conditional elasticity.
From equation (6) we obtain:
The magnitude of change in the total cigarette consumption is calculated using the initial quantities of cigarette consumed, the percentage change in prices (due to the change in tax rates) and the overall price elasticity estimates as indicated in (7).
Using equation (7) we obtain the change in consumption as:
Initial government revenue is calculated for each cigarette type as:
Using the estimated and ΔP from (3), we derive ΔQ from (7), from which we can calculate Q 1 =Q 0 -ΔQ. With Q 1 , we estimate the new government revenue ( ) for each cigarette type as:
The absolute change in the tax revenue is simply . Table 1 describes the smoking prevalence and the smoking intensity in the whole sample and among the 5 income quintiles. The smoking prevalence as well as the smoking intensity are highest among the poorest part of the population. The prevalence of those who only smoke cigarettes is lower among the lowest quintiles, but a higher proportion smoke both cigarettes and pipes (about 5% among the two lowest quintiles and about 3% among the two highest quintiles, not shown).
Results
Tobacco consumption patterns
The distribution of smokers according to their purchasing price is presented in Figure 2 . The dividing point between the low price and the rest is a price of 5000 VND. Based on the Vietnam Living Standards Survey 1997-1998, we found that under-5000 VND per pack smokers accounts for 78% of the market while the over-5000 VND-pack smokers accounts for the rest -22%. Thus, Figure 2 reveals that the majority of smokers in Vietnam consume low priced cigarettes.
Characteristics of low-priced cigarette smokers
The prevalence of low-priced cigarette smokers varies with geographic regions, occupations, education levels and household sizes. Figure 3 shows the distribution of smokers by cigarette prices and by large, medium and small urban areas (region 1, 2 and 3, respectively) as well as for seven rural regions from North to South. One-third of smokers in large cities smoke low-priced cigarettes. The proportion increases as one moves to medium then small cities and finally is highest in rural areas.
The low-priced cigarettes are particularly popular among households whose heads are agricultural workers, which includes about 60% of low-priced smokers. Further, about 11% of low-priced smokers live in households whose heads are jobless. Thus, the majority of low-priced cigarette smokers live in rural areas, where tobacco control activities are quite limited. [38] In analyzing education level, low-priced cigarette smokers mostly live in households whose heads have low levels of education: 69% live in households where the head is illiterate or has only a primary education, and 16% live in households where the head has a lower secondary school education. [39] Tobacco expenditures by smokers Table 2 compares tobacco spending with spending on other items such as education, health care, food and with the total expenditure of households. Rural households have a higher ratio than urban households of tobacco spending to education spending (the respective figures are 71% and 42%). Rural households' other proportions including tobacco spending to health care spending, tobacco spending to food spending, and tobacco spending to total expenditure are also higher than urban households. Tobacco spending is also higher in southern regions.
While it might be expected that low income households spend a larger part of their income on basic needs such as clothing, education, health care, housing, transport, and a smaller part on tobacco, we found that the tobacco spending of low income households represents a larger propor-
tion of their expenditure than for higher income households. Low income households' tobacco spending is equal to one-and-a-half times their educational spending and is equivalent to health care spending. By contrast, tobacco expenditures for higher income households are 46% and 69%, of educational and health expenditures, respectively. The percentages of low income households and higher income households' tobacco spending are 5.3% and 3.6%, respectively.
Estimating the price elasticity of tobacco demand
The smoking participation model Table 3 presents the results of model estimated with VINATABA price. The participation model was estimated with three alternative price variables: VINATABA, 555 The results also indicate that coefficients of smoking expenditures on pipe tobacco, household size, income and region are statistically significant, but the variables for access to markets, jobs and transportation are not significant. The coefficients on income, 2.380 for high income households and 2.421 for low income household, are high and significant in both models. As the income of Vietnamese rural households increases, smoking prevalence is on the rise in those rural areas. [40] However, the magnitude of the income elasticity has to be viewed with a caution since Vietnamese households do not tend to report their true income.
Distribution of Smokers by Price of Cigarettes and Region
The conditional quantity model
The results of this model are presented in Table 4 (Full detail results are presented in Additional File 2). We estimated a regression with all smokers, then for the two lowest quintiles, for the two highest quintiles and then for the middle quintile. The models were separately estimated with the VINATABA and 555 communal prices and average communal price. The price elasticity of the middle quintile is not significant and not presented in the table.
If we take the average price elasticity of the equations with the prices entered separately (both were significant at the 10% level), the conditional price elasticity of the overall population is = -0.50, for the two low quintiles is = -0.59 and for the two high quintiles, it is = -0.40.
The overall price elasticity of cigarette demand
The overall price elasticity of cigarette demand was calculated by adding the price elasticity of conditional demand and the price elasticity of smoking intensity (quantities) for the respective income groups. We used estimates from the model using VINATABA price. We found that the overall price elasticity for the whole population is = -1.41, for the two low quintiles is = -1.77 and for the two high quintiles, it is = -1.17. Tables 5 and 6 , respectively, show the consumption and tax revenues under the current tax regime and with an increase in taxes for the lower taxed categories to a uniform 65% tax. From Table 7 we can see that by imposing a uniform tobacco tax rate of 65% (compared to the former 25% rate), the price of low-price cigarettes will increase 32% while the price of the second category (formerly 45%) increases by 16%. Government revenues from the tax increase 11.5% or 127.5 billion VND ($8.5 million), of which 14.1 billion VND are from the former 25% category and 113.39 billion VND from the former 45% category. Most importantly, total cigarette consumption falls 25.3% for both categories, with consumption of the first category falling 46.1% and the second category falling 23%.
The effect of imposing a uniform tobacco tax on consumption and tax revenues
Conclusion
Currently, Vietnam imposes three different tax rates on tobacco according to the source of raw materials and whether filtered or non-filtered. The large discrepancies among these rates lead to large disparities among cigarette prices and wider availability of low-priced cigarettes in the market, which makes it easier for youth and the poor to get access to tobacco. Average price elasticity of conditional demand using estimates for 555 and VINATABA (the significant estimtes) -0.504* -0.594* -0.397* Source: Author's estimation from VLSS1998 Note: Commune average price is average of 555 & VINATABA prices ** is below 5% of significant level, * is below 10% of significant level. The evidence presented here indicates that most smokers smoke low priced cigarettes. Most consumers of low priced cigarettes are poor and live in rural areas or small towns; they tend to be employed in the agricultural sector. Low income households' tobacco spending is equal to one-and-a-half times their educational spending and is equivalent to health care spending. Higher income smokers also spend a large share of their income on tobacco, but the poor bear the largest relative economic burden. Because of their high smoking rates, the poor are also more likely to have higher risks of tobacco-related diseases such as cancer, heart and circulatory diseases, and emphysema. [41] In addition, because these diseases can appear as early as age 40 (along with other smoking related medical conditions), the higher disease incidence is likely to further increase the economic burden by increasing the likelihood of not being able to continue to work and earn income. Thus, social goals of reducing poverty would dictate reducing tobacco spending by the poor.
With sufficient responsiveness, taxes may encourage reductions in spending. Unlike previous most previous demand studies, this study considers how price responsiveness varies by income. The price elasticity of male participation in smoking is = -0.94 for the whole population. However, demand for the low income group ( = -1.16) is more elastic than for the high income group ( = -0.75), as might be expected due to their more limited budgets. The price elasticity estimates are high compared to evidence from other developing countries. Even though these estimates wary substantially from a country to country, the majority of estimates for the total price elasticity centers around = -0.8. [42] However, these estimates do not take into account substitution to other tobacco products. Our results are quite consistent with Laxminarayan and Deolalikar (2004) [43] who estimated a price elasticity of smoking initiation of -1.18 for Vietnam, and generally consistent with other studies for Southeast Asia.
The high participation elasticity indicates that raising the price to low income consumers will lead to substantial reductions in the number of cigarette smokers, enough to reduce overall expenditures on tobacco by the poor. Further reductions will occur through reductions in the quantity smoked by those continuing to smoke. As the price of cigarettes increases 10%, the quantity demanded of low income smokers that continue to smoke falls 5.9% while the quantity demanded of high income smokers falls by only 4.0%. The overall quantity demanded among smokers falls 5.0%. Thus, of those who continue to smoke, there will only be modest increases in tobacco expenditures, with a smaller increase among the poor compared to the higher income groups.
Imposing a uniform tax of 65% on tobacco will result in a 32% increase in the prices of low-priced cigarettes and a 16% increase for the domestic filtered category. Applying the overall price elasticity of cigarette demand of -1.44, we predict a decrease of tobacco consumption of about 25%, and an increase of more than 11% ($8.5 mil) in the tobacco tax revenue of the government. A study [22] using a price elasticity of -0.53 predicted a 9.3% decrease in consumption and 33.5% (or $24.8 mil) increase in government revenue.
The results indicate that tax revenues are likely to increase as tax rates are increased for domestic unfiltered and domestic filtered to the rate for foreign filtered cigarettes. Although quantities consumed fall, the increase in tax rate more than compensates. Thus, government revenues increase despite the large reductions in consumption, suggesting that government could benefit from the moving to a uniform tax.
While we used a linear probability model for ease of interpretation and use, the error term is heteroskedastic and is not normally distributed, the predicted values are not constrained to be between 0 and 1. Nevertheless, the results reported here on price effects are consistent with the theory of cigarette demand and empirical evidence from other countries. [44] Still, due to data limitations and simplifying assumptions, the results should be regarded with caution.
First, income tends to be reported incorrectly in Vietnam. Surveyed subjects tend to declare lower income because high income is often regarded as being linked to illegal activities and corruption. However, despite measurement error, the results indicate high sensitivity of cigarette demand to income. As the income is expected to grow in the near future in Vietnam, there is a danger that smoking prevalence will grow if no tobacco control measures are taken.
A second limitation is that the potential substitution into pipe smoking was taken into account by using expenditures on pipe tobacco, instead of price, creating potential endogeneity problems. When we omitted the pipe variable, we obtained consistent results, with slightly lower coefficients and levels of significance on some of the price variables. Nevertheless, in Vietnam, pipe tobacco is a likely an important substitute for cigarettes, especially among the poor. With an increase in the consumption of pipe tobacco, the price of pipe tobacco should increase, reducing some of the pipe use. However, any substitution into pipe use may still be preferable to smoking if pipe smoking is less expensive and imposes less economic burden on the poor and if pipe use has less harmful effects on health. Further work is needed on the role of substitution into pipe use and the health effects of pipe use relative to that of smoking.
A third limitation is that the price data is measured with error. This is, in part, because we were able to only include the price of medium and high price standard brands. We did, however, obtain relatively similar results with the various combinations of the measures, although the results were not always significant, as might be expected with measurement error. We also estimated equations which considered prices based on the expenditures on tobacco and quantity smoked (both undoubtedly measured with error), and obtained roughly consistent results. In computing the change in tax revenues, we did not consider substitution between cigarette types. As the price of the cheaper, non-filtered domestic increases, there may be substitution toward the filtered domestic brand, and, as the filtered domestic cigarettes increases, there may be more substitution towards the filtered cigarettes with foreign tobacco. However, these effects would tend to increase tax revenues as more cigarettes are purchased of the more expensive brands. For these reasons, we may have underestimated the increase in tax revenues, but overestimated the effect on consumption.
We do not consider smuggling or domestic tobacco growing. Imposing a uniform tax on cigarettes will increase the domestic market price of cigarettes and may widen the gap between domestic and the prices of cigarettes in neighbor- Source: Author's estimation ing nations providing more motivation for smuggling. In addition, higher market prices of cigarettes may encourage an increase in domestic tobacco growing. These changes in the tobacco market may reduce the tax revenues. However, a review of the literature [45] indicates that smuggling depends on factors other than the gap between domestic and international prices of cigarettes. These factors include the strength and extent of law enforcement, activities of market control forces, and the living standards of poor people in border areas (poor, jobless people near some border entrance points tend to work for smugglers to move cigarettes into Vietnam). The Government of Vietnam currently pays considerable attention to smuggling in order to protect the domestic market. Nevertheless, the smuggling issue and the issue of domestic tobacco growing as a response to cigarette price changes merit further study.
We extrapolate future tax revenues from a single price elasticity estimate. In addition to smuggling, our estimates will depend on income, population and other tobacco control policies, among other factors. Rising income and population will increase tax revenues, but other tobacco control measures will reduce demand for cigarettes and, hence, tend to reduce revenues.
We focus on male participation. Tobacco use by women is much lower, with 1.8% of females smoking in 2002 and 50% of female smokers smoking pipes. Since smoking is prohibited by some parents, and may be considered improper for women (Do Hong Ngoc 1995 [46] ), it is likely that there is some underreporting of cigarette and tobacco use among women, as well as youth. Nevertheless, it will be important to monitor female smoking in future years since these social norms may change with the rapid economic development experienced by Vietnam. The lack of awareness of the health risk associated with smoking may then result in a fast onset of female smoking. [47] Finally, the optimal tax rate that should be imposed is difficult to determine because it depends on many factors including the costs imposed by smokers on non-smokers. Another potentially important concern is employment in both the tobacco industry and tobacco cultivation. When imposing a high tax, the reduction in consumption may reduce employment in some areas. But the effect is also not clear since the tobacco industry can export both tobacco leaf and cigarettes. The choice of tax rate also depends on social values such as the protection of children and others from tobacco smoke, and on the purpose of taxation, i.e., to increase tax revenues or to reduce the burden of tobacco related diseases.
Worldwide, only few countries levy different tobacco tax rates on cigarettes. Most of them are former socialist economies in Eastern Europe and the former Soviet Union where this phenomenon was inherited from the planned economy structure. The differential treatment of various cigarette types can be justified neither on economic nor on public health grounds since all cigarettes are harmful to health. In this study, we found that the poor are more responsive to cigarette prices than those with higher incomes. Consequently, a tax increase would lead to relatively higher reduction of cigarette demand among the lowest income group and generally encourage that group to reduce the large economic burden that smoking imposes. 
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